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Dynamic Selection of Neural Network Modules based on Cellular Automata for
Complex Behaviors
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(Kyung-Joong Kim and Sung-Bae Cho)

Abstract - Since conventional mobile rohot control with one module has limitation to slove complex problems, there
have been a variety of works on combining multiple modules for solving them. Recently, many researchers attempt to
develop mobhile robot controllers using artificial life techniques. In this paper, we develop a mobile robot controller using
cellular automata based neural networks, wheré complex tasks are divided to simple sub-tasks and optimal neural
structure of each sub-task is explored by genetic algorithm. Neural network modules are combined dynamically using the
action selection mechanism, where basic behavior modules compete each other by inhibition and cooperation. Khepera
mobile robot simulator is used to verify the proposed model. Experimental results show that complex behaviors emerge

from the combination of low-level behavior modules.

Key Words : Cellular Automata, ¢] 2% A, 45

.M E
CAM- Braln—- E—é}‘i

5=

4L 29 FHE AMEEE E
E2 S EnE VW ’1‘_73“4.‘1 )‘1 AR AF
-2 "]7}°7'°ﬂ AdE W, f5 gdndEs AHEEd FH
Ha A1l 163t 274 FAe 1 BEAZE gy
A =7} ]TC’U‘ 2], AEHed HEEerE Huel
A o]FRZE AoE B 5 dth B =E44E CAM-
Braing o] &3k ]%§%1 NEREE Aoty 9d B
& AFAN7IZ FEAASGS BHE7 P54E WHe=
Aoy EFe #F5 L A4t S Agge),
A AT A= CAM-Braing o]&8ld 7|E JF2ES
Endezn FEate WYHEL AANSHEIE4] 2Eu, ‘A
w77 e g 95" 59 FESFEERET HE2Y
AE A FAZE 17 e FEA wyes AF
239 £ o EF% #%5& FHInA gL T
s 'd:“”"ﬂq#] FAALE A vlE] AR FEA 4
1 2L g7 fEo dexA] e A4S Uk
HAEFd P& w8t E3doe et ol HZE
f3le B =gdME 'E-%Eﬂ'a—hﬂ A gy Bedd
% Adgdozd FHOR Y5 HAHsted 2FAA F
& FAclHNME HAEF ‘&:1‘5]-5‘_-‘_""— o6l
Aetslz Rdo 7t5AdE JE3F7] 98] Khepera

m[o )

&

r\r J

ol FZ

% ANEHHE AgAATTL ¥ G FejE Aot
% E R EHASE WFENEN LR
o E & B ENARE ARUREN S5
BEHE 20014 108 16H
=M - 2001 27 10H

160

Ew 2%, 9% UEH=, 34 44

719) 71285 E0¢) CAM-Braing %3
Z1st Wi Ex8}7]9

A= g on, 223
1ERFEL Z2aHYHAT F
ofxl 4FEAF A i%% HEe] & 2EIHHA o] Fstn 4
Ag A wWez FAFFez ojFste] wEy Hde
271 2.E FEstojof df. 2R ELE“ HE=g =4
FASEA FohgTG FEFl Foi 2 FAgte Al
ot Fojzl BERE 247 A¢ ﬁ&%%‘i‘@.‘ zdg wEn

402 950 HYYES ¥ dYARE Y5H9RY

o] BEE YASHEE ol5RRe JEYFEE HYs) 23
de Ag nazo,
2 eRe oem 2ol TAHA Yt 23dAE

CAM-Brain® ti&te] 7veFs] dgstn LA 3aelAe
Aletdt Ay oiF] dEeEn 4FME d¥8F
AAR Ad oda BAnHS BASCD ¥ s 3E
2 BFdT diE 43 ez ntRgar

2. CAM—Brain

CAM-Brain® 4&7 LEvelE o|&3led AAYLSE 54
82, CAM(Cellular Automata Machine)& o] £33l z& o
2 A%, AgAde Rdod, dedHE 4 49 #x A
ok TE o2 459 AHE vue® FHd o8 AR
o}, CAM-Braind A& eAg AzACe FdAg 13Felx
o, A EANAE= "%-—1 SR e AFM g Wakg
legre 2 slite] 4l , AEAFgRAgME 9
ERnLilN-2 0 1) %i‘;a"_%'f':— Ages T
gEvth 4G F= o] g3t} EAEA
o HAEm, 334 -lE'E']' L EUE Aol FAANA
Mg wHEE Eﬁc}?’l":]'. a9 12 AE dngFS o &3y
AAY FZE AH3ele g4S R

27
ApRly

’LE%
11—_



[ S ECLET |

T

%

| L EE R e
¥

l
| o F 2H O N E |
|

0z

I8 1 CAM~Brainel = 2zntd
Fig. 1 LEvolutionary process of CAM-Brain.

21 AF

A2q o Eriele] A
oz Uye A HH AL g7 A2FH AXE
olAl BAEghol HXurt F Aol ’?&%%7]?. ATE B
o} #2427 F¢ 4282y A5E oI8E 7HLE
Ags, SAE7)E ALY AEE JFTe} FHA
=2 At 8o AsAGHPNA oFH FTE
7 gt ARFRL o 9xe AFAze L 9
§ AR 29 25 AAd%e) e #AE
28 2-(a)dA] FE AL (x2, y2)edl X3 gk 2-()dl
AR de FHoz AFANIFE AL HJFANT 44
o wal ¥ Ao FAEIYU 487 de] "t 2-(0)
o ] FAEIG 2HENE FHOR AANEE BN =2

ve, £AE)

= oy Az Adug AFA ok 3ty 4EF 0BT
gl A4 F9 e4ges YINEIL wA &

) f,]._

= o e FAE7IR 1 HH7t
Wer (o) ol éE—I P an_w Mzsol MEss B

£ (Growth phase of neural networks).

RABANNE Aol FH7 BEH, ABAEFAAA
= A9 Aurt dRaA gEth ARRgeld 238 A7
o) FEe AxAERARANE ahE fAEG ATHE

=ast 22 oY MEA REOE Vg HHY 2L SHMY

Trans. KIEE. Val. 51D, No. 4, APR. 2002

g AHHE A A9 4FAs T s 94
A 2897 Shis) 4229 G480 @AdE 28 4
o ¥d 4 %o 4Adael 9 ANE THI

shtol d7%el @49 F ol EASl 484717 o

Me Folzn A Aas dojujel g
o ojn Y¥s} L 742}63 Agw cevet F48 A
A 9\1-5—. 4o =8 o)Fo)Ah YX=RH AFE T
At g £ gy e Rl dEd, dite 2AE
7] A&l %’J 7 407 #AY do| wH AHE A
of wut. Z¥AY FH4 LudEE Agstd 4FA &9

Ael AHE QNHoE HASZ BARA WobE, 43
nEdgol B |FANET AdaYA FAL YEH 2
Hol AsAW YRZRE 4TS wolgolw WL

WA gHos AR A 4H7 FUoW 2R
NBE Wb A% FANA, 2 Fol ANFRT AW FEA

227 dz A58 2ok on 43S e FASIE
TA] o]2el ¢AF BT 2 JES Btk oleld FHHo|
el FAEV) e A ARG 42 JEE 2/ =,

B
q e wHel 258 F4E7) 450 B9 AEE PO

W, o) & o] A4l fFRlol UE FFLE AFE H
thool#l g HBo] WEHWEAN 48 FH2ER 2 457}
8 TAEE AA 8 FHAMN =2@h
o 38 oM AW FHES 2PeE KD FHF
71 B £AE77 BREUS W FA Axrt AgHeR
WHer BaFEn girh &7leM FE8A F4271E 4
@& Aol A %5: (+1)‘£ 2ua 9N FH4E7IE A

—DE 2ok 457 4L T4
st weoz HUx
= F9le) 42 Bk,

, BAENE

4 ok ol
rek
2wk
=
N

a3 3 MSHE E.

Fig. 3 Signal phase of neural networks)

F274 gadEe ARAdA A4 49 AQ T4

161



BRESHNE 51D0%F 455 2002F 48

7142 Ao 7k & AAvl HHgE AT 7|Ee st
2 AgHm gl ez s HAA duHES
FE4d AAE FLdE AT A 7FAY AAA(EH,
s9¥e], wANE FI MAEE AgAIH AdEE A4
A 734 Fejzel fHo|2} ‘Z%_ T ded, JAddA F
old #AH Fo AFE ATl A= g A7
R ol @& £ 3k Le ’:i‘i. AAEANS defz F
MAE AREe 21 F GREL He Aot FAHI
AdAs doz A9 A EAAF 472 AE
o

A~ U‘%J-: HAel AAWE 7] A& FHz ¢
E& AMEEY, A dadde A9 sdde], ZAE AL

&3l f’ﬂéﬂ‘ﬁi—- 7ha s W Fe VR A JFe
o4 7t HEE7 Z AARE & A% £ o]E A
g AF Fgs U*-“—Cﬂ
el AAE AdE & <

Ao ARES mEFTh olw, 4 A I
o]l E %Az YfAM HAHHE T AAE 2L HAA mw
A7} dejdnk Eddele dAH2 HE 2EJFAA 38
e

ETEi AHEE ALE AAslm, olF oA AAgoeR PE
F oA FA HEsld JA HERE AR 2 4
MR FTEARE AL FAHE RAEd. d2
a}u}o] AaRez gd5E NS, B, T, S, N, W, E9] A=

g e NSE 3 497 odxS ZAs4, B, T, S,
N, W, Ex= A&N% e wekg A st FaAs A9 £
F9 AIHER o|FojFth

o

T

et b

~

HB|T\S]N|WE

a7 4 shfe] MZEYE BHSE H@as

Fig. 4 Chromosome representation of one neural network
module.

A7 & I
A}%ﬂt}[salo] ol Thakgh 3 %;—94 BExEe 45 AT
7] A% g5 Ag wile] dadd F 12 G¥d AF
We] )& Pirjanian® BFEo11]. o¥E A5 4

B = =
—TE

162

4 $EEd st A% MEA2E GFY JEsY 49
S48 FAAY GAWAT o8 THHE PdoT
[12,13,14,15,16]. ¥5 HEHIZE: tdd PFEES AAL
Wgoz 9Ee AdAM BF, ied, I3RS 22
g B8 Az AR Qes, Pirjaniancq E5E
winner-take-alle] sigdtch 5 2R FEE @AY
g3 Agshe 71249 8L Yshiz /‘H:H» 230l
G208 4R0E SRANE JEE, WFEEE 2
3o @A sjo s WPAHES e
= 1 = dE ghdo| 2&
Table 1 Classification of action selection mechanism.
R 2EF
Arhbitration Priority-based

State-based
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Fuzzy
Multiple Objective

Command Fusion
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